Slaughterhouse pig samples were analyzed by PCR for Enterocytozoon bieneusi infection. Thirty-two percent were found to be positive, with rates being higher over the summer months. Three isolates from pigs were identical in their ribosomal internal transcribed spacer sequence to human E. bieneusi type D, two were identical to type F (from a pig), and nine were previously unreported. The viability of these spores was demonstrated by their ability to infect gnotobiotic piglets. The presence of the infection in liver was shown by in situ hybridization.
collected monthly at a local slaughterhouse over 18 months. The bulk of the animals sampled, 176, were from the area around New Holland, Pa. The rest were from Massachusetts (four pigs), New Hampshire (eight pigs), and Vermont (14 pigs). All pigs appeared clinically healthy.
DNA was extracted from pig feces or bile for PCR detection of E. bieneusi as described by Kondova et al. (8) with the following modifications. Bile was washed three times by serial centrifugation at 4,000 ϫ g for 20 min and resuspension in phosphate-buffered saline (PBS). The final resuspension was in 1/10 of the original volume of PBS. Feces were used directly. Approximately 200 l of washed bile or feces was transferred to a 2-ml screw-cap conical tube containing 200 l of 0.5-mmdiameter glass beads (Biospec Products, Inc.), 400 l of digestion buffer (100 mM NaCl, 25 mM EDTA, 10 mM Tris-Cl [pH 8 .0], 1% sodium dodecyl sulfate), and 600 l of Tris-buffered phenol-chloroform-isoamyl alcohol (pH 8.0, 25:24:1). The sample was then placed in a mini-bead beater (Biospec Products, Inc.) at 5,000 rpm for 2 min. Samples were spun in a microcentrifuge for 2 min at top speed, and the supernatant was transferred to a new tube. Next, 300 l of supernatant was adjusted to a 0.7 M concentration with 5 M NaCl, and 40 l of CTAB mix (10% cetyltrimethylammonium bromide, 0.7 M NaCl) was added. The sample was incubated for 10 min at 65°C. After incubation, the solution was extracted with an equal volume of chloroform and the DNA was recovered from the resulting supernatant using the Geneclean system (Bio 101) by following the manufacturer's protocol for liquid samples, except that the DNA was resuspended in 20 l of TE (10 mM Tris, 1 mM EDTA [pH 8.0]).
PCR amplification was performed on 1 l of the abovedescribed preparation with two different sets of nested primers. One set used the EBIER1 and EBIEF1 primers as described by da Silva et al. (3) as the outer primer pair and EBIER6 (5Ј-GCGACACTCTTAGACGTATC) and EBIEF5 (5Ј-TGT CCTTCCGTCAATTTC) as the inner primer pair. Cycling parameters for the first PCR were 35 cycles of 94°C for 30 s, 57°C for 30 s, and 72°C for 40 s. One microliter of the first reaction mixture was used as the template for the nested reaction with cycling parameters of 30 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 40 s. A 350-bp internal control amplified by EBIER1 and EBIEF1 was included in each reaction mixture to test for false-negative results due to inhibition of PCR. Positive reactions were confirmed by using a second set of nested primers that amplify the ITS region. These primers were used so that a PCR product could be obtained for sequence analysis of the ITS. The outer primers were EBITS3 (5Ј-GGTCATAGG GATGAAGAG) and EBITS4 (5Ј-TTCGAGTTCTTTCGCG CTC), and the cycling parameters were 35 cycles of 94°C for 30 s, 57°C for 30 s, and 72°C for 40 s; the inner primers were EBITS1 (5Ј-GCTCTGAATATCTATGGCT) and EBITS2.4 (5Ј-ATCGCCGACGGATCCAAGTG), and the cycling parameters were 30 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 40 s. These reactions produced fragments of 435 and 390 bp, respectively. The identities of the PCR products were further confirmed by digestion with MspA1I restriction enzyme (8) .
Two hundred two pigs were sampled during the 18-month period. Thirty-two percent were positive for E. bieneusi. The feces of 18% were positive, and the bile specimens of 17% were positive. For 3%, both the bile and feces specimens were positive. Table 1 shows the percentages of positive samples per collection date. Surprisingly, the percentage of infected animals was lower (16%) for pigs weighing less than 10 kg and greater (37%) for pigs weighing more than 10 kg. These results are in contrast to results of another report (1) , where weaned piglets and feeder pigs had infection rates of 90 and 58%, respectively.
A recent study of 109 healthy pigs in Switzerland by Breitenmoser et al. (1) also using PCR techniques found a similar percentage of E. bieneusi-positive pigs (35%); however, only fecal samples were tested. The differences in prevalence may reflect real geographic or seasonal variation or differences in the sensitivities of the techniques used. Our data indicate that there is a trend toward higher prevalence in the warmer spring and summer months (Table 1) ; however, due to the short duration of the study, no statistical conclusions can be drawn. The time of year in the Swiss study was not indicated. The contribution, if any, of E. bieneusi to disease in pigs remains to be determined. The clinical outcome of the infection in the slaughtered pigs was not investigated in this study. Experimental infections have so far indicated that in the short term (2 to 3 weeks [8] ), there is no evidence of diarrhea. However, Rinder et al. (16) found that four of six pigs with diarrhea excreted E. bieneusi.
EBITS1 and -2.4 PCR products from 17 of the E. bieneusipositive samples were randomly selected for sequencing to ensure the specificity of the PCR assay. Sequencing was performed on the products from two separate PCRs, which were sequenced in both directions. Sequences were edited and assembled by using the consensus sequence of these four sequences. Homology to published E. bieneusi sequences was 100% for the small-and large-subunit RNA portions of each PCR fragment flanking the ITS. ITS sequence homologies ranged from 97 to 100% of published E. bieneusi ITS sequences. Table 2 shows polymorphic sites revealed by comparison of previously reported ITS sequences with those resulting from this study. Our analysis revealed isolates from three different pigs that were identical to E. bieneusi ITS type D (15), originally isolated from humans. Two isolates were homologous to type F (16), originally isolated from pig, and nine previously unreported types with seven new polymorphic nucleotides were discovered. These new isolates have been designated PigEBITS1 to -9. Isolates from positive bile or feces samples from the same pig were identical. The relatedness of the ITS types from different animal origins are shown in the dendrogram in Fig. 1 . Table 2 shows that type D has many polymorphisms in common with isolates of pig origin. Figure 1 indicates that type D is more closely related to a number of pig isolates and even to the cat isolate than it is to the other human isolates. This may indicate that type D is more likely to be zoonotic.
As is evident from our work and that of others, there are already 30 different types of E. bieneusi ITS sequences with 35 polymorphic sites. It is conceivable that if enough isolates are sequenced, the number of types will rise dramatically and all 243 nucleotides in the ITS could be found to be polymorphic. Currently, genotypes that are present at low levels in samples can be missed by use of PCR-based detection, since the PCR may preferentially amplify the major genotypes. If this is true, the current method of letter designations for types will have to be revised. This trend in the data demonstrates the need to have other genetic markers for use in determining types. The reliance on one locus for a marker, particularly one as unstable as the ITS, is insufficient. However, sequencing more isolates from different sources may also reveal polymorphisms that can be closely correlated with particular locations or host types. Some trends are already apparent, as seen in Table 2 . The A at ITS nucleotide 136 and the G at nucleotide 196 are found primarily in isolates of pig origin, though not in all pig isolates. Also, three of four isolates of bovine origin have four distinctive polymorphic sites (sites 129, 131, 147, and 158). These types of polymorphism, if found in restriction sites, could be used for restriction fragment length polymorphism assays to broadly screen isolates without the need to sequence them all, as was done by Liguory et al. (10) in screening human isolates.
Interestingly, some ITS types are geographically widespread. Type D and type F ITS patterns have now been detected in Germany, Switzerland, the United States, and Uganda (1, 14, 16 ; unpublished data). Type A has been shown in Germany, Switzerland, and Peru (1, 14; our unpublished data). This may mean either that they are highly conserved or that there is enough movement of organisms to maintain genetic homogeneity in other regions.
No antibody specific for E. bieneusi is available, so immunohistochemistry could not be used to detect parasites in tissue. In situ hybridization of formalin-fixed, paraffin-embedded pig liver and gallbladder sections, as previously described by members of our laboratory (2, 8) and others (19) , was used to confirm the presence of E. bieneusi in tissue. The liver of only one pig was shown to be positive for E. bieneusi (Fig. 2) . As previously shown with humans, macaques, and experimentally infected piglets, this result demonstrates that E. bieneusi infection can spread, although rarely, from the intestinal tract, even in supposedly immunologically normal animals.
The viability of detected spores was assessed by using the gnotobiotic piglet model developed by our laboratory (8) . E. bieneusi spores concentrated from the bile specimens of several positive animals and washed by centrifugation at 3 ϫ g and resuspension in PBS (final volume, 2 ml) were used to inoculate four piglets within 24 h after delivery. Due to the difficulty 
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of obtaining and counting spores, the number used for inoculation is not known. Together with two control animals, the piglets were monitored daily for shedding of spores in feces. All piglets were immunosuppressed during the experiment by a daily oral cyclosporine dose of 15 mg/kg of body weight and by intramuscular administration of 25 mg of methylprednisolone sodium per kg. All piglets inoculated with the spores from the bile of a pig naturally infected with E. bieneusi became infected between days 6 and 12 after challenge, as determined by PCR and modified trichrome staining. They remained infected for the 3-week duration of the experiment, with no development of diarrhea. Control animals remained uninfected. We report that a high percentage (30.5%) of apparently healthy pigs shipped to a slaughterhouse in the northeastern United States were infected with E. bieneusi. The occurrence of ITS types that are found in humans demonstrates the zoonotic potential for E. bieneusi from swine. The viability of the spores, the high prevalence of infection, and the large number of swine in the country indicate that swine may be a significant source of environmental contamination.
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